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(54) Plasma display panel 

(57) A plasma display panel is provided in which 
color temperature of the displayed color can be opti- 
mized while securing the gradation reproducibility and 
the stability of driving. The plasma display panel in- 
cludes a screen in which a plurality of cells arranged in 
rows and columns emits light by electric discharge be- 
tween a pair of main electrodes, and each pixel of matrix 
display has first, second and third cells having different 
light colors. At least one of the effective area of the main 
electrode, the thickness of the dielectric layer, the rela- 
tive dielectric constant of the dielectric material, and the 
area of the light shield for the first cell is different from 
that of the second cell. 
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Description 

[0001] The present invention relates to a plasma dis- 
play panel (PDP) that can perform color display, 
[0002] PDPs are becoming widely available as wide 
screen displays for television sets since color displays 
have become commercially successful. One of the chal- 
lenges to improve the image quality of the PDP is to en- 
hance reproducible color range. 

[0003] As a color display device, an AC type PDP hav- 
ing three-electrode surface discharging structure is 
commercialized. This type has a pair of main electrodes 
for sustaining, which are arranged in parallel for each 
line (row) of the matrix display and also has an address 
electrode for each column. Division walls for preventing 
interruption of discharge between cells are provided in 
stripes. A surface discharging structure includes a sub- 
strate on which the pairs of main electrodes are ar- 
ranged and an opposing substrate on which a fluores- 
cent layer lor color display is arranged, so that deterio- 
lation ot a fluorescent layer due to an ion impact upon 
discharge can be reduced to obtain a longer life. The 
"reflection type" that has the fluorescent layer on the 
back substrate is superior to the "transparent type" that 
has the fluorescent layer on the front substrate concern- 
ing light emission efficiency. In general, Penning gas 
containing neon (Ne) and a trace of xenon (Xe)(4-5%) 
is used as a discharging gas. When the discharge be- 
tween main electrodes occurs, the discharging gas ra- 
diates ultraviolet rays, which excite the fluorescent ma- 
terial to emit light. Each pixel includes three cells for red 
(R) t green (G) and blue (B) light colors, and the ratio of 
the three light colors decide the display color. The 
amount of light emission of each cell depends on the 
number of discharge times per unit time. 
[0004] The conventional PDP has a problem in that 
the color temperature of white is low compared with oth- 
er displays (especially with a CRT). The reason is that 
the light intensity of the blue fluorescent material is lower 
than the light intensities of the red and the green fluo- 
rescent materials, and that neon as the discharging gas 
emits orange light. 

[0005] It is necessary to optimize the relative light in- 
tensities (balance of luminous intensities) of the R, G 
and B cells for obtaining a desired color tone when trying 
to display white color by applying the same number (the 
maximum number within variable range) of voltage puls- 
es to the R, G and B cells. 

[0006] There is a method for adjusting the luminous 
intensity, in which a conversion efficiency of the fluores- 
cent material and the thickness or the shape of the flu- 
orescent layer is selected. However, this method has the 
following problems. 

1) It is not easy to adjust the conversion efficiency 
of the fluorescent material. 

2) The thickness or the shape of the fluorescent lay- 
er can be adjusted only within a range that does not 
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affect the discharge. 

3) The control of the thickness and the shape of the 
fluorescent layer has low repeatability. 

5 [0007] In addition, in order to set the number of volt- 
age pulses to apply, that is, the number of discharges 
for each color so as to display white color having a de- 
sired tone, the number of voltage pulses for the color 
with the minimum intensity should be maximized and the 

io number ot voltage pulses for other colors should be 
smaller than that. Therefore, the variable range of the 
light emission amount is narrowed, resulting in deterio- 
ration of the gradation reproducibility. 
[0008] Furthermore, there is another method in which 

75 the area of the fluorescent layer is selected for each 
color. In this method, stable driving is difficult since the 
size of the cell depends on the color, and the margin of 
the driving voltage is narrowed. Namely if the size of 
pixel is fixed when the cells have different sizes, the cell 

20 size of at least one color becomes small compared with 
the cell size that is the same for three colors. Since the 
firing potential rises when the cell size is reduced, the 
voltage margin is narrowed. 

[0009] Embodiments of the present invention aim to 
2S secure the gradation reproducibility and stability of driv- 
ing while optimizing the color temperature of the display 
color. 

[0010] In a first aspect of the present invention, a PDP 
includes a screen in which a plurality of cells arranged 

30 in rows and columns emits light by electric discharge 
between a pair of main electrodes, and each pixel of ma- 
trix Display has first, second and third cells having dif- 
ferent light colors. The effective area of the main elec- 
trode of the first cell is different from that of the main 

35 electrode of at least the second cell. 

[0011] In a second aspect of the present invention, a 
PDP includes a screen in which a plurality of cells ar- 
ranged in rows and columns emits light by electric dis- 
charge between a pair of main electrodes that is covered 

40 by a dielectric layer, and each pixel of matrix display has 
first, second and third cells having different light colors. 
The thickness of the dielectric layer of the first ceil is 
different from that of the dielectric layer of at least the 
second celt. 

4S [0012] In a third aspect of the present invention, a 
PDP includes a screen in which a plurality of cells ar- 
ranged in rows and columns emits light by electric dis- 
charge between a pair of main electrodes that is covered 
by a dielectric layer, and each pixel of matrix display has 

50 first, second and third cells having different light colors. 
The relative dielectric constant of the dielectric layer of 
the first cell is different from that of the dielectric layer 
of at least the second cell. 

[0013] In a fourth aspect of the present invention, a 
£5 PDP includes a screen in which a plurality of cells ar- 
ranged in rows and columns emits light by electric dis- 
charge between a pair of main electrodes that extend in 
the same direction, and each pixel of matrix display has 
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first, second and third cells having different light colors. 
One pair of the main electrodes is arranged for each row, 
a dark color layer for enhancing contrast is disposed at 
each boundary between neighboring rows, and the area 
of the dark color layer of the first cell is different from 
that of the dark color layer of at least the second cell. 
Concerning the first and second cells, the case is includ- 
ed where the area of the dark color layer is zero. 
[0014] In a fifth aspect ofthe present invention, amain 
electrode includes a transparent conductive film and a 
banding metal film overlaying the transparent conduc- 
tive film, and the area of the metal film of the first cell is 
different from that of the metal film of at least the second 
cell. 

[0015] In a sixth aspect of the present invention, a 
main electrode includes a transparent conductive film 
and a banding metal film overlaying the transparent con- 
ductive film, and the relative proportion of the metal film 
to the transparent conductive film of the first cell is dif- 
ferent from that of the metal film to the transparent con- 
ductive film of at least the second cell. 
[0016] In a seventh aspect of the present invention, 
at least the first cell has a light shield that makes the 
aperture ratio thereof different from that of the other cell. 
[0017] In an eighth aspect of the present invention, a 
main electrode includes a transparent conductive film 
and a banding metal film overlaying the transparent con- 
ductive film, one pair ofthe main electrodes is arranged 
for each row, a dark color layer for enhancing contrast 
is disposed at each boundary between neighboring 
rows, the area of the metal film ofthe first cell is different 
from that of the metal film of at least the second cell, and 
the area of the dark color layer of the first cell is different 
from that of the dark color layer of at least the second 
cell. 

[0018] In a ninth aspect of the present invention, divi- 
sion walls for partitioning the first; second and third cells 
are provided on a back substrate, and the amount of 
light shielding for each light color is set by selecting the 
structure of the light shielding within the range 5 microns 
away from the top face of the division wall in each of the 
first, second and third ceils. 

[0019] The invention may comprise any combination 
of the features or limitations referred to herein, except 
a combination in which the features are mutually exclu- 
sive. 

[0020] Embodiments of the present invention will now 
be described by way of example only with reference to 
the accompanying drawings in which: 
[0021] Fig. 1 shows a basic structure of a first embod- 
iment PDP in accordance with the present invention. 
[0022] Fig. 2 is a plan view showing the shape of the 
main electrode. 

[0023] Figs. 3A to 8 are plan views showing variations 
of the shape of the main electrode. 
[0024] Fig. 9 is a plan view of a principal portion of a 
second embodiment PDP in accordance with the 
present invention. 
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[0025] Fig. 1 0 is a cross section of the principal portion 
of a third embodiment PDP in accordance with the 
present invention. 

[0026] Fig. 1 1 is a cross section ofthe principal portion 
5 of another embodiment of PDP in accordance with the 
present invention. 

[0027] Fig. 12 is a cross section showing a variation 
of the dielectric layer. 

[0028] Fig. 1 3 is a cross section ofthe principal portion 
70 of a further embodiment of PDP in accordance with the 
present invention. 

[0029] Fig. 1 4 is a cross section of the principal portion 
of another embodiment of PDP in accordance with the 
present invention. 
is [0030] Fig. 1 5 is a cross section of the principal portion 
of a further embodiment of PDP in accordance with the 
present invention. 

[0031] Fig. 16 is a cross section ofthe principal portion 
of another embodiment of PDP in accordance with the 
20 present invention. 

[0032] Figs. 17A and 17B are plan views of the prin- 
cipal portion of another embodiment of PDP in accord- 
ance with the present invention. 

[0033] Fig. 1 shows a basic structure of a first PDP in 
25 accordance with the present invention. 

[0034] The illustrated PDP 1 is an AC type color PDP 
with a surface discharging configuration having a pair of 
substrate structures 10, 20. In each cell making up a 
screen ES, a pair of banding main electrodes X and Y 
30 and an address electrode A cross each other. The main 
electrodes X and Y are arranged on the inner side of a 
glass substrate 11 that is a front substrate structure 10. 
Each of the main electrodes X and Y includes a trans- 
parent conductive film 41 and a metal film (a bus elec- 
ts trode) 42 for securing conductivity. The metal film 42 is 
made up of three layers such as chromium, copper and 
chromium, which are laminated in the middle portion in 
the column direction of the transparent conductive film 
41 . Covering the main electrodes X and Y, a dielectric 
40 layer 17 is provided, which has thickness of 30-50 mi- 
crons. The surface of the dielectric layer 17 is coated 
with magnesia (MgO) that is a protection film IB. 
[0035] The address electrodes A are arranged on the 
inner surface of a glass substrate 21 that is a substrate 
45 of the back substrate structure 20, and covered with a 
dielectric layer 24. On the dielectric layer 24, one divi- 
sion wall 29 having height of 100-200 microns (typically 
150 microns) is disposed at each gap between the ad- 
dress electrodes A. The division walls 29 partition a dis- 
so charging space 30 in the row direction (the horizontal 
direction in the screen) for each column, and define the 
gap size of the discharging space 30. Furthermore, 
three color (R, G and B) fluorescent layers 28R, 28G 
and 28B for color display are provided so as to cover 
55 the back inner surface including the upper portion of the 
address electrode A and the side of the division wall 29. 
Discharging gas that is a mixture of neon as a main gas 
and xenon is filled in the discharging space 30, and the 
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fluorescent layers 28R, 2SG and 2SB emit light being 
exited partially by ultraviolet rays radiated by the xenon 
gas. One pixel of the display includes three subpixeis 
(units of light emitting area) arranged in the row direc- 
tion. A structure in each subpixel is a cell (display ele- 
ment) C. Since the arrangement pattern ofthe division 
walls 29 is a stripe pattern, the portion of the discharging 
space 30 corresponding to each column (a column 
space) is continuous over the all rows. Therefore, uni- 
form fluorescent iayers 23R, 2BG and 2BB having little 
bubbles can be formed by screen printing that is suitable 
for mass production. Here, a row is a set of cells having 
the same position in the column direction. 
[0036] Hereinafter, an example of configuration for 
relatively enhancing the luminous intensity of the blue 
(B) fluorescent layer 28B is explained. However, the 
color to be enhanced is not limited to the blue. The sim- 
ilar effect can be obtained if the color is red (R) or green 
(G). in addition, it is possible to enhance plural colors, 
as well as to change ratio of enhancing the colors. In the 
attached figures, the main electrodes and the cells are 
accompanied with the same reference numerals despite 
different configurations. 

[0037] Fig. 2 is a plan view showing the shape of the 
main electrode. 

[0038] Each of the main electrodes X and Y include 
the transparent conductive film 41 and the metal film 42 
as explained above. Since the metal film 42 is complete- 
ly ove^ l apped with the transparent conductive film 41 
within the screen, the shape of the transparent conduc- 
tive film 41 viewed from above is also that of the main 
electrode X or Y. The main electrodes X and Y are ar- 
ranged substantially in a constant pitch. The main elec- 
trodes X and Y except both ends of the arrangement are 
used for both displays of odd and even rows. The main 
electrodes X and Y of the both ends are used for a dis- 
play of odd or even row. The structure of rectangular 
area defined by the division walls 29 and the metal films 
42 is the cell C. The gap between the main electrodes 
in each cell C is the surface discharging gap. 
[0039] in the example of Fig. 2, the width of the main 
electrodes X and Y (i.e., the width of the transparent 
conductive film 41) is not constant, but is partially wide 
so that the interelectrode gap d2 in the cell C of the blue 
(B) light color is smaller than the interelectrode gap dl 
in the other cells. Thus, the effective area of the main 
electrode related to the sustaining is larger in the cell C 
of Lhe blue light color than in the other cells. Therefore, 
the discharge having large current density occurs in the 
cell C. so that the luminous intensity increases. Since 
the main electrodes X and Y are formed by lithography, 
high accuracy patterning is possible. 
[0040] Figs. 3 A to 8 are plan views showing variations 
of the shape of the main electrode. 
[0041] In the example of Fig. 3A, each of the main 
electrodes X and Y include a banding metal film 42 and 
transparent conductive film 43 or 44 that has a rectan- 
gular shape and is disposed for each cell. In the cell C 



of blue light color, the length in the row direction of the 
transparent conductive film 44 is set longer than the 
transparent conductive film 43 of the other two colors, 
so that the effective area of the main electrode is en- 
5 larged. 

[0042] In the example of Fig. 3B, each of the main 
electrodes X and Y includes a banding metal film 42 and 
a strip transparent conductive film 45 that is long in the 
column direction. In the cell C of blue light color, the 
io transparent conductive films 45 are disposed more than 
in other two colors, so that the effective area of the main 
electrode is enlarged. 

[0043] In the example of Fig. 3C, each of the main 
electrodes X and Y includes a banding metal film 42 and 

15 strip transparent conductive films 45 and 46 that are 
long in the column direction. In the cell C of blue light 
color, the wider transparent conductive film 46 is dis- 
posed compared with other two colors, so that the ef- 
fective area of the main electrode is enlarged. 

20 [0044] In the example of Fig. 4A, each of the main 
electrodes X and Y includes a banding metal film 42 and 
a ladder-like transparent conductive film 47. The trans- 
parent conductive film 47 has two banding portions 47 A 
extending in parallel in the row direction and banding 

2S portions 47Ba and 47Bb extending in the column direc- 
tion in each column so as to link the banding portions 
47 A. In the cell C of blue light color, the width of the band- 
ing portion 47Bb corresponding thereto is set wider than 
the banding portion 47Ba corresponding to the cells C 

30 of the other two colors, so that the effective area of the 
main electrode is enlarged. 

[0045] In the example of Fig. 4B, each of the main 
electrodes X and Y includes a banding metal film 42 and 
a ladder-like transparent conductive film 48. The trans- 

35 parent conductive film 48 has two banding portions 48A 
extending in parallel in the row direction and banding 
portion 48B extending in the column direction in each 
column so as to link the banding portions 48A. In the cell 
C of blue light color, the width of the banding portion 48A 

40 js partially enlarged, so that the effective area of the 
main electrode is enlarged. 

[0046] In the example of Fig. 4C, each of the main 
electrodes X and Y includes a banding metal film 42 and 
a banding transparent conductive film 49 having a hole 

45 50. By arranging the hole in the cells C of the red light 
color and the green light color, the effective area of the 
main electrode in blue light color is relatively enlarged. 
[0047] In the example of Fig. 5A, each of the main 
electrodes X and Y includes a banding metal film 42 and 

50 substantially I -shaped transparent conductive films 52 
and 53. Since the main electrodes X and Y straddle two 
rows, the portion corresponding to one cell in the trans- 
parent conductive films 52 and 53 is substantially T- 
shaped. Concerning the cell C of blue light color, the 

55 portion 53B of the transparent conductive film 53 ex- 
tending in the column direction is wider than the portion 
extending in the column direction ofthe transparent con- 
ductive film 52 corresponding to the other cells C, so 
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that the effective area of the main electrode is enlarged. 
[0048] In the example of Fig. SB, each of the main 
electrodes X and Y includes a banding metal film 42 and 
substantially l-shaped transparent conductive films 54 
and 55. Since the main electrodes X and Y straddle two 
rows : the portion corresponding to one cell in the trans- 
parent conductive films 54 and 55 is substantially T- 
shaped. Concerning the cell C of blue light color, the 
portion 55A of the transparent conductive film 54 ex- 
tending in the row direction is wider than ihe portion ex- 
tending in the row direction of the transparent conduc- 
tive film 54 corresponding to the other cells C, so that 
the effective area of the main electrode is enlarged. 
[0049] Both main electrodes X and Y do not always 
need the enlargement of the electrode area. The en- 
largement of the electrode area can be realized for ei- 
ther main electrode X or Y. This is true tor any example 
of Figs. 2-5. If each of the main electrodes X and Y is 
cut partially in the column direction as shown in Figs. 
4A, 4B and 5, the surface discharge can be localized in 
the vicinity of the surface discharging gap, so that the 
resolution can be enhanced. If each of the main elec- 
trodes. X and Y is shaped such that the main electrode 
gap is wider than the surface discharging gap dl period- 
ically along the row direction as shown in Figs. 3 and 5, 
the capacitance between the electrodes becomes 
smaller than that in the case where the main electrode 
gap is constant over the entire length in the row direc- 
tion, thereby the driving characteristics are improved. In 
addition, the electrode area becomes small so that the 
discharge current decreases. Therefore, the require- 
ment for the current capacity to the driving circuit about 
the current capacity is relieved. Decrease of the inten- 
sity due to the decrease of the discharge current can be 
compensated by increasing the drive frequency. 
[0050] The arrangements of the main electrode in the 
above-mentioned examples are constant pitch arrange- 
ments suitable for an interlace format display such as a 
television set. However, the present invention is not lim- 
ited thereto. An example of the present invention applied 
to the electrode arrangement in which a pair of the main 
electrodes X and Y is arranged for each row will be ex- 
plained below. 

[0051] In the constant pitch arrangement, the metal 
film 42 is disposed at the middle in the width direction 
of the transparent conductive film 41 so that the cell 
structure of all rows can be uniform. On the contrary, if 
a pair of main electrodes X and Y is arranged for each 
row, the metal film 42 can be disposed at the surface 
discharging gap side or the opposite side thereof. 
[0052] In the example of Fig. 6, the effective area of 
the main electrode is enlarged in the cell C of the blue 
light color by partially widening the transparent conduc- 
tive film 42 so that the surface discharging gap is nar- 
rowed in the same way as in the example of Fig. 2. 
[0053] In the example of Fig. 7, the metal film 42 that 
makes up the main electrode X is disposed at the sur- 
face discharging gap side. The transparent conductive 



film 41 of the main electrode X is partially widened so 
as to protrude in the direction opposite to the surface 
discharging gap. Thus, the effective area of the main 
electrode in the cell C of the blue light color is enlarged. 
s [0054] In the example of Fig. B, the metal film 42 of 
each of the main electrodes X and Y is disposed at the 
surface discharging gap side. The transparent conduc- 
tive film 41 of the main electrodes X and Y is partially 
widened so as to protrude in the direction opposite to 
10 the surface discharging gap. Tnus, the effective area of 
the main electrode in the cell C of the blue light color is 
enlarged. The shape of the transparent conductive film 
in the examples of Figs. 2-5 can be applied to the ex- 
amples of Figs. 6-8 also. 
75 [0055] Fig. 9 is a plan view of a principal portion of a 
second PDP in accordance with the present invention. 
[0056] The PDP 2 also is a reflection type simitar to 
the PDP 1 shown in Fig. 1. The main electrodes X and 
Y include a transparent conductive film 61 and a metal 
20 film 62. The main electrodes X and Y are arranged in 
inconstant pitch in the same manner as in Figs. 6-8, in 
which the interelectrode gap (referred to as an inverse 
slit) between rows is set to a value sufficiently larger than 
the surface discharging gap so as to prevent interfer- 
es ence with discharge. Both the transparent conductive 
film 61 and the metal film 62 have a banding shape with 
a constant width, so that the effective area of the main 
electrodes X and Y is uniform for all cells C. 
[0Q57] In the PDP 2, in order to enhance the contrast, 
30 a paint is applied to the outer surface of the glass sub- 
strate 11 of the front side (see Fig. 11), or a colored glass 
layer is formed on the inner surface of the glass sub- 
strate 11, so that a banding dark color layer 65 is ar- 
ranged on the inverse slit. Namely, so-called black stripe 
35 is formed so that a pale color of the fluorescent layer 28 
on the back glass substrate 21 cannot be seen through 
the inverse slit. The width of the dark color layer 65 is 
partially narrowed in the column of blue light color. Thus, 
the light shield by the dark color layer 65 is relieved in 
40 the cells C of blue light color, and the intensity therein 
is increased compared with other cells C. 
[0058] Fig. 1 0 is across section of the principal portion 
of a third PDP in accordance with the present invention. 
[0059] The PDP 3 of this example is also a surface 
45 discharge and reflection type. The inner surface of the 
front glass substrate 411 is provided with main elec- 
trodes X and Y (only main electrode X is illustrated) and 
a dielectric layer 41 7. The address electrodes A and the 
division walls 29 are arranged on the back glass sub- 
so strate 421 , and fluorescent layers 428R, 428G and 42BB 
are lormed between the division walls. In the PDP 3, the 
dielectric layer 417 is thin at the portion corresponding 
to the cells of blue light color compared with cells of other 
colors. Therefore, the intensity of electric field is in- 
55 creased in the cells of blue light color so that the dis- 
charge is enhanced for high light intensity. 
[0060] Fig. 1 1 is a cross section of the principal portion 
of a fourth PDP in accordance with the present inven- 
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tion. In Fig. 1 1 , the element corresponding to that in Fig. 
10 is denoted by the same reference numeral. 
[0061] In the PDP 4 of this example too, the inner sur- 
face of the front glass substrate 411 is provided with 
main electrodes X and Y (only main electrode X is illus- s 
trated) and a dielectric layer 419. The address elec- 
trodes A and the division walls 29 are arranged on the 
back glass substrate 421 , and fluorescent layers 428R, 
428G and 42BB are formed between the division walls, 
in the PDP 4, the portion of the dielectric layer 41 7 cor- 10 
responding to the cells of blue light color has an embed- 
ded layer 41 9a whose relative dielectric constant is larg- 
er than other portions. 

[0062] Thus, the discharge current increases to en- 
hance the discharge in the ceil of blue light color, so that is 
the light intensity increases. For example, the dielectric 
layer 419 can be formed by printing the material o1 the 
layer 419a in the pattern, printing the material of other 
portion flatly, and baking. 

[0063] Fig. 12 is a cross section showing a variation 20 
of the dielectric layer. 

[0064] In the PDP 4b of Fig. 12, afirst dielectric layer 
41 9B is provided to the cells of red or green light colors, 
while a second dielectric layer 41 9Ba is provided to the 
ceils of blue light color. The relative dielectric constant ? s 
of the dielectric layer 419Ba is larger than that of the 
dielectric layer 41 9B. The dielectric layers 419B.and 
419Ba are formed by printing each material in the pat- 
tern and ba UT ng. 

[0065] There are other methods for adjusting the rel- so 
ative light intensity. One is to change the distance be- 
tween the fluorescent layer and the main electrode in 
accordance with the color. Another is to color the divi- 
sion wall 29 and the back dielectric layer 24, and .to 
change the color or the tone. These methods can be 
used in conjunction with each of the above-mentioned 
examples. 

[0066] Fig. t3 is a cross section of the principal portion 
of a fifth PDP in accordance with the present invention. 
[0067] The PDP 5 is a reflection type in which the main 
electrodes X and Y for surface discharge are arranged 
in the constant pitch in the same way as in Fig. 1 . Each 
of the main electrodes X and Y includes a transparent 
conductive film 41b having a constant width and a metal 
film 42b overlayed thereon at the middle of the wicfth. In 
the PDP 5, the utilization ratio of visible light for the cell 
C is adjusted by changing the width of the metal film 42b 
for each light color (R, G or B). The width of the cell 
whose relative intensity is to increase (the cell of blue 
color if the color temperature should be improved) is nar- 
rowed compared with other portion. On the contrary : the 
width of the eel! whose relative intensity is not to in- 
crease (the cell of blue color) is widened. Thus, the rel- 
ative intensity can be adjusted without changing the line 
resistance of the bus conductor. There is no problem 
even if the value of the metal film 42b in each cell is 
different between the main electrode X and the main 
electrode Y The firing potential that is important for con- 



trolling the discharge is mainly determined by the trans- 
parent conductive film 41 b, so it cannot be any obstacle 
to the discharge control. For example, the width Wt of 
the transparent conductive film 41b is set to 275 mi- 
crons, the arrangement pitch Rp of the division wall 29 
is set to 360 microns, the width Wbl of the metal film 42b 
of the red color cell is set to 140 microns, the width Wb2 
of the metal film 42b of the green color cell is set to 100 
microns, and the width Wb3 of the metal film 42b of the 
blue coior ceil is sel to 60 microns, so that the intensity 
of the blue color cell whose aperture ratio is increased 
increases by 1 1 %, while the intensity of the red color cell 
whose aperture ratio is decreased decreases by 20%. 
In addition, if there is a difference of structure between 
the cells arranged in the row direction as shown in this 
example, there is a possibility that desired characteris- 
tics cannpt be obtained when a position shift occurs be- 
tween the front substrate and the back substrate. In or- 
der to prevent this occurrence, the distance p between 
the portion of the metal film 42b whose width increases 
or decreases and the center of the upper face of the di- 
vision wall 29 can be set to a value more than 5 microns 
and less than one third of the arrangement pitch Rp, so 
that a predetermined performance can be obtained by 
a practical accuracy of positioning. 
[0068] Fig. 1 4 is a cross section of the principal portion 
of a sixth PDP in accordance with the present invention. 
[0069] In the PDP 6, the relative intensities of red, 
green and blue colors can be adjusted by selecting the 
position of the metal fiim 42c on the transparent conduc- 
tive film 41 b. in this configuration too, the problem of the 
firing potential cannot occur in the same way as in Fig. 
13. 

[0070] Fig. 1 5 is a cross section of the principal portion 
of a seventh PDP in accordance with the present inven- 
tion. 

[0071 ] The PDP 7 is a reflection type in which the main 
electrodes X and Y for surface discharge are arranged 
in inconstant pitch, and include a dark color layer 65b 
for light shield of the inverse slit in the same manner as 
in Fig. 9. In the PDP 7, the utilization ratio of visible light 
for the cell C is adjusted by changing the width of the 
metal film 62b and the width of the dark color layer 65b 
for each light color (R, G or B). If the width of the dark 
color layer 65b is decreased from 350 microns to 175 
microns, the intensity can be increased by approximate- 
ly 1 1 %. The adjustment of the relative intensities by set- 
ting the width of the dark color layer 65b that does not 
have electric function has more flexibility than the ad- 
justment by the metal film. 

[0072] Fig. 1 6 is a cross section of the principal portion 
of an eighth PDP in accordance with the present inven- 
tion. 

[0073] In the PDP 8, the position of the metal film 62c 
on the transparent conductive film 61 is selected for ad- 
justing the relative intensity of red, green and blue 
colors. In this configuration too, the problem of the firing 
potential cannot occur in the same way as in Fig. 13. In 
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the examples of Fig. 16 as well as the example of Fig. 
15, the shapes of the electrodes of the main electrode 
X and the main electrode Y can be asymmetric. 
[0074] Figs. 17A and 17B are plan views of the prin- 
cipal portion of a ninth PDP in accordance with the 
present invention. 

[0075] In the PDP 9a shown in Fig. 17A, adding to the 
dark color layer 65d of the inverse slit the cells of red 
color and green color are provided with light shielding 
films 71 and 72 for adjusting the aperture ratio, which 
are disposed at the dark color layer 65d side. In the PDP 
9b shown in Fig. 17B, light shielding films 73 and 74 are 
disposed within the area of the surface discharging gap. 
The adjustment of the relative intensities by the light 
shielding films 71-74 has an advantage in that the ad- 
justment range is wide since any shielding area can be 
selected. 

[0076] According to the above-mentioned embodi- 
ments, the shape of the main electrodes X and Y formed 
by the photolithography process with high accuracy, the 
thickness of the dielectric layer that can be controlled 
relatively easily, or the relative dielectric constant can 
adjust the discharge intensity or the utilization ratio of 
visible light for each color independently, so that the ad- 
justment of the light intensity can be performed with high 
reproducibility and high accuracy. As a result, intensity 
of blue light that is a weak point of PDPs can be securely 
increased, so that the color reproducible range can be 
enlarged and the color temperature of the white color 
display can be raised. 

[0077] The present invention is not limited to a reflec- 
tion type surface discharge format, but can be applied 
to a transparent type surface discharge format or an op- 
posed discharging format PDP too. 
[0078] According to the present invention, the color 
temperature of the displayed color can be optimized 
while the gradation reproducibility and the stability of 
driving are secured. 



Claims 

1. A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes, and each pixel of matrix dis- 
play has first, second and third ceils having different 
light colors, wherein 

the effective area of the main electrode of the 
first cell is different from the effective area of the 
main electrode of at least the second cell. 

2. A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that is covered by a dielec- 
tric layer, and each pixel of matrix display has first, 
second and third cells having drfferent light colors, 
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wherein 

the thickness of the dielectric layer of the first 
cell is different from the thickness of the dielectric 
layer of at least the second ceii. 

A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that is covered by a dielec- 
tric iayer, and each pixel of matrix display has first, 
second and third cells having different light colors, 
wherein 

the relative dielectric constant of the dielectric 
layer of the first cell is different from the relative di- 
electric constant of the dielectric layer of at least the 
second cell. 

A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that extend in the same di- 
rection, and each pixel of matrix display has first, 
second and third cells having different light colors, 
wherein 

- one pair of the main electrodes is arranged for 
each row, 

a dark color layer for enhancing contrast is dis- 
posed at each boundary between neighboring 
rows, and 

the area of the dark color layer of the first cell 
is different from the area of the dark color layer 
of at least the second cell. 

A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that extend in the same di- 
rection, and each pixel of matrix display has first, 
second and third cells having different light colors, 
wherein 

the main electrode includes a transparent con- 
ductive film and a banding metal film overlaying 
the transparent conductive film, and 
the area of the metal film of the first cell is dif- 
ferent from The area of the metal film of at least 
the second cell. 

A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that extend in the same di- 
rection., and each pixel of matrix display has first, 
second and third cells having different light colors, 
wherein 

the main electrode includes a transparent con- 
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ductive film and a banding metal film overlaying 
the transparent conductive film, and 
the relative proportion of the metal film to the 
transparent conductive film of the first cell is dif- 
ferent from the relative proportion of the metal 5 
film to the transparent conductive film of at least 
the second cell. 

7. A plasma display panel comprising a screen in 
which a plurality of cells arranged in rows and coi- 10 
umns emits light by electric discharge between a 
pair of main electrodes that extend in the same di- 
rection, and each pixel of matrix display has first, 
second and third cells having different light colors, 
wherein 75 

at least the first ceil has a light shield that 
makes the aperture ratio thereof different from the 
aperture ratio of the other cell. 

8. A plasma display panel comprising a screen in 20 
which a plurality of cells arranged in rows and col- 
umns emits light by electric discharge between a 
pair of main electrodes that extend in the same di- 
rection, and each pixel of matrix display has first, 
second and third cells having different light colors, ^5 
wherein 

the main electrode includes a transparent con- 
ductive fiinaand a banding metal film overlaying 
the transparent conductive film, 30 
one pair of the main electrodes is arranged for 
each row, 

a dark color layer for enhancing contrast is dis- 
posed at each boundary between neighboring 
rows, 

the area of the metal film of the first cell is dif- 
ferent from the area of the metal film of at least 
the second cell, and 

the area of the dark color layer of the first cell 

is different from the area of the dark color layer 40 

of at least the second cell. 

9. The plasma display panel according to any one of 
claims 5 to 8 : wherein 

45 

division walls for partitioning the first, second 
and third cells is provided on a back substrate, 
and 

the amount of light shielding for each light color 
is set by selecting the structure ot the light 50 
shielding within the range 5 microns away from 
the top face of the division wall in each of the 
first, second and third cells. 

55 



35 



8 



BNSDCCID: <EP 1030340A2J_> 



EP 1 030 340 A2 




EP 1 030 340 A2 



4 3 



Fig. 3A 



A 2 



X 



B 



■2 9 



i 



Y 





2 9 



2 9 
Fig. 



2 9 



3B 



4 5 .4 5 



4 5 4 5 




4 5 ,4 5 



4 2 



B 



!i 
!i 
!i 
!i 
!i 



R 



•2 9 



Y 



■2 9 



4 5 4 5 

rf, n rb 



2 9 
Fig. 
4 6 



3C 

4 6 



— r 



•2 9 



4 5,45 



4 2 



3 



■2 9 



1.4..1.1^V..l n 



!i 
!i 
!i 
!i 
!i 
!i 



-2 9 

-C 



•2 9 



■2 9 



Y 



ii 



EP 1 030 340 A2 



4 7 B a 



F i g. 4A 

C 

4 7 B b / 



4 7 B a 



4 7 
.4 2 



i.:V.v:?:.-. : .--...: : l 



3 



L 



" 



B 



IT 



r 3 



!l 



I7X 



r^4 7 A 



5^ 



Y 



IS? 



2 9 



4 8 B 




2 9 



C 



4 8 



/L 4 2 



] 



v..: — 



2 9 



Z2 
3 

2 9 



Y 



4C 




12 



BNSDOCID: <EP. 



,1030340A2J_> 



EP 1 030 340 A2 



Fig. 5A 



.5 2 



5 2 B 



• 5 3 



VJ. 



.5 3 B 



B 



7X 



5 2 



4 2 

-f-7 X 



R 



Y 



2 9 ^5 2 



2 9 



-6— 



■2 9 



2 9 



Fig. 5B 



ill 



5 4 A 



5 5 A 



,5 4 



4 2 

X 



4=1 



B 



■2 9 



R 



-2 9 



Y 



■2 9 



2 9 



13 



EP 1 030 340 A2 



Fig. 6 



d 2 



2- 



C 

_l_n 



B 



R 



B 



T 



.1 



2 9 



T c 

2 9 



T 



i 



i 



j.. 



i 

_. lH 



"T 



c 



B 



B 



T 



T 



If 



Jl 



_L 



R 



T 



T 



i 





4 1 



T 



2 9 



2 9 



2 9 



2 9 



^ X 



4 2 



Y 



Y 



BNSDOC1D: <EP_ 1 03034GA2_L> 



14 



EP 1 030 340 A2 



Fig. 



n-l. 



B 



B 



1 



T 



if 



If 



J I 



.1. 



R 



T 



u 



it 



n 

I 



.1 



,H 



T 



i 

jl 



I 



ft 



C 



B 



B 



T 



c 

!._.!_._. 



R 



T 



4 1 

IS- 4 2 






T 



2 9 



2 9 



2 9 



2 9 



2 9 



2 9 



Y 



Y 



16 



BNSDOCID: <EP 1 03034OA2J_> 



EP 1 030 340 A2 




18 



BNSDOCID: <EP 1030340A2j_> 



EP 1 030 340 A2 



Fig. 11 

4- 




421 



19 



BNSDOCIO <EP . 1030340A2_I_» 



EP 1 030 340 A2 



Fig. 12 
4b 

411 




421 



20 

BNSOOCID: <EP 103O34OA2_l_> 



EP 1 030 340 A2 



Fig. 13 



n 



c 

f 



c 



C 

/ 



B 



B 



R 



T 



2 9 



2 9 



2 9 




Y 



21 



•I 

EP 1 030 340 A2 




BNSDOCID". <EP 103034OA2J_> 



22 



EP 1 030 340 A2 



Fig. 15 

]_ 

c c c 




23 



EP 1 030 340 A2 



Fig. 16 

8 




BNSDOCID: <EP 1 030340 A2_l_> 



24 



EP 1 030 340 A2 



Fig- 17A 




F i e. 



1 7B 



R 



9 b 



7 3' 



I ! 



7 4 



B 




6 2 
6 1 



6 1 



W^^^^ 6 2 i 



u 



Y 



25 



THIS PAGE BLANK (uspto) 



(19) 




Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

02.11.2000 Bulletin 2000/44 

(43) Date of publication A2: 

23.08.2000 Bulletin 2000/34 

(21) Application number: 99310058.5 

(22) Dateof filing: 14.12.1999 



(n) EP 1 030 340 A3 

EUROPEAN PATENT APPLICATION 

(51) mt CI7: H01J 17/49 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 19.02.1999 JP 4083799 
30.06.1999 JP 18460999 

(.71) Applicant: FUJITSU LIMITED 

Kawasaki-shi, Kanagawa 211-8588 (JP) 

(72) inventors: 

• Namiki, Fumihiro, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

• Irie, Katsuya, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 



♦ Kosaka, Tadayoshi, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

* Takagi, Kazushige, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

• Shiizaki, Takashi, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

• Hirakawa, Hitoshi, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

* Katayama, Takashi, Fujitsu Limited 
Kawasaki-shi, Kanagawa 211-8588 (JP) 

(74) Representative:- Mohun, Stephen John 
Haseitine Lake & Co., 
Imperial House, 
15-19 Kingsway 
London WC2B 6UD (GB) 



CO 

< 

o 

CO 

o 

CO 

o 



QL 
LU 



(54) Plasma display panel 

(57) A plasma display panel is provided in which 
color temperature of the displayed color can be opti- 
mized while securing the gradation reproducibility and 
the stability of driving. The plasma display panel in- 
cludes a screen in which a plurality of cells arranged in 
rows and columns emits light by electric discharge be- 
tween a pair of main electrodes, and each pixel of matrix 
display has first, second and third cells having different 
light colors. At least one of the effective area of the main 
electrode, the thickness of the dielectric layer, the rela- 
tive dielectric constant of the dielectric material, and the 
area of the light shield for the first cell is different from 
that of the second cell. 
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